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Three-dimensional simulation of Backward Raman
Amplification

A.A. Balakin', G.M. Fraiman and N.J. Fisch
! Institute of Applied Physics RAS, Nizhnii Novgorod, Rus$i@3950
2 Princeton Plasma Physics Laboratory, Princeton, NJ USAB85

Abstract— Three-dimensional (3-D) simulation for the Back-
ward Raman Amplification (BRA) are presented. The images
illustrate the effects of pump depletion, pulse diffraction, nonho-
mogeneous plasma density, and plasma ionization.

The amplification by resonant Raman backscattering in
plasmas currently represents one of the most promising ways
of generating ultra-intense short laser pulses. Compaved t
the conventional technique of chirped-pulse amplification o8
principle unfocused output intensity can be* — 10° times 0
higher [1]. In achieving these amplification effects, twdiocal
systems may be utilized: one system for handling high power
and fluence, and a second focusing system handling only low
power [2].

In describing the propagation of both the laser pump and
the counterpropagating low power seed pulse, it is impottan
take into account the 3-D effects of pulse diffraction, tloan
coaxial pump and seed pulses, refraction on plasma inhomo-
geneity, and spreading due to ionization. These effectaatan

15

be fully described using 2-D or axial symmetric approaches.  '** - N
Here, we present the results of the numerical simulations 1 .

of the seed pulse Raman amplification. The numerical scheme ; 6

involves solving the three-dimensional equations deswjib , -

the three-wave interaction process [1]. The plasma deissity 1

determined using a field ionization model, since the timenef t
impact ionization is small in comparison to the charactieris
time of the BRA (several ps).

For these calculations, the pump wave amplitudegs=
0.006, with Gaussian transverse_ proflle with widthi5 cm, Fig. 1. The pump (upper) and seed (lower) profile for diffi@uess case.
and the frequency of the pump i, = 2 x 10'® sec’!. For Transverse coordinates are normalized to 30 cm; longialdinordinate is
these parameters, the linear e-folding length for the mioroec normalized toc/.
matic pump backscattering instability 4s= ag+/wowy/2, or
¢/v = 130 um. We simulated a plasma length of 7 mm or
55¢/~. The initial seed pulse had the same transverse Gaussérihe w-pulse solution in the presence of strong diffraction
profile as the pump, but half the amplitude and a duration isf shown on figure 2. The pulse width is 1%Mn. One can
40 fs (12 um in length). see the spreading of the pulses on the density plots and

The numerical simulation was performed using the hydrthe modification of the longitudinal profile. The amplifica-
dynamic code “MBRS” [3]. The code is fully parallelized fortion in inhomogeneous plasma is shown in Figure 3. One
using in computer cluster so that the calculation time oftigp can see the undulating amplitude profile of the seed pulse.
3D variant with grid sizel 28 x 128 x 2750 points is about 32 Nevertheless the seed maintains good focusability, sihee t
hours on 15 processes AMD Athlon 1.7 GHz. density perturbations are small (order of 1 %). Amplificatio

Figure 1 show the well-knownr-pulse solution for wide in Helium plasma is shown in Figure 4. Note the formation
pulses in homogeneous medium. The pulse diffraction @ “medusa-like” structure of seed. This structure appeais
negligible for this case. The central surface is an isoserff to the breaking of the amplification and the limitation of dee
constant amplitude value, which is equal to half the maximuamplitude growth [4]. Also the pump depletion in this regime
pulse amplitude. The figure also plots the the density, tiinouis suppressed, showing a lengthy “tongue-like” pump profile
a projection onto the corresponding edges. The modificatidhe transverse spikes are formed due to creation of lengthy
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Fig. 2.  The pump (left) and seed (right) profile for case ofrearpump. Transverse coordinates are normalized to 0.3 engitudinal coordinate is
normalized toc/~.

strip of newly ionized plasma.

A4 A
> Fig. 4. The pump (upper) and seed (lower) profile for case of
: L ) lification in Helium plasma, so that additional ionipatis avail-
Fig. 3. The pump (upper) and seed (lower) profile for case P b ' - O
propagation in inhomogeneous plasma. Transverse cotedir@e a Ie.dT ra;ns.verse colt?rdgz:;es are normalized to 0.3 cmjtiafigal
normalized to 0.3 cm; longitudinal coordinate is normalize c/~. coordinate is normalized to/.

The work was supported by RFBR grants No 02-02-17275, 02- REFERENCES
st'lgiZ;AUS DOE under contract DE-AC02-76 CHO3073 and they, \/ 1 walkin, G. Shvets, and N. J. Fisch, Phys. Plasmiag232 (2000):
: V. M. Malkin, G. Shvets, and N. J. Fisch, Phys. Rev. L&2, 4448
(1999).

[2] N. J. Fisch and V. M. Malkin, Physics of Plasr8a2056 (2003).

[3] A. A. Balakin, G. M. Fraiman, N. J. Fisch and V. M. Malkin hisics
of Plasmal0, 4856 (2003).

[4] A.A. Balakin et al., Backward Raman Amplification in a Partially
lonized Gasin preparation.



External Distribution

Plasma Research Laboratory, Australian National University, Australia
Professor I.R. Jones, Flinders University, Australia

Professor Jodao Canalle, Instituto de Fisica DEQ/IF - UERJ, Brazil

Mr. Gerson O. Ludwig, Instituto Nacional de Pesquisas, Brazil

Dr. P.H. Sakanaka, Instituto Fisica, Brazil

The Librarian, Culham Laboratory, England

Mrs. S.A. Hutchinson, JET Library, England

Professor M.N. Bussac, Ecole Polytechnique, France

Librarian, Max-Planck-Institut fiir Plasmaphysik, Germany

Jolan Moldvai, Reports Library, Hungarian Academy of Sciences, Central Research Institute
for Physics, Hungary

Dr. P. Kaw, Institute for Plasma Research, India

Ms. P.J. Pathak, Librarian, Institute for Plasma Research, India
Ms. Clelia De Palo, Associazione EURATOM-ENEA, Italy

Dr. G. Grosso, Instituto di Fisica del Plasma, Italy

Librarian, Naka Fusion Research Establishment, JAERI, Japan

Library, Laboratory for Complex Energy Processes, Institute for Advanced Study,
Kyoto University, Japan

Research Information Center, National Institute for Fusion Science, Japan
Dr. O. Mitarai, Kyushu Tokai University, Japan

Dr. Jiangang Li, Institute of Plasma Physics, Chinese Academy of Sciences,
People’s Republic of China

Professor Yuping Huo, School of Physical Science and Technology, People’s Republic of China
Library, Academia Sinica, Institute of Plasma Physics, People’s Republic of China
Librarian, Institute of Physics, Chinese Academy of Sciences, People’s Republic of China
Dr. S. Mirnov, TRINITI, Troitsk, Russian Federation, Russia

Dr. V.S. Strelkov, Kurchatov Institute, Russian Federation, Russia

Professor Peter Lukac, Katedra Fyziky Plazmy MFF UK, Mlynska dolina F-2,
Komenskeho Univerzita, SK-842 15 Bratislava, Slovakia

Dr. G.S. Lee, Korea Basic Science Institute, South Korea

Institute for Plasma Research, University of Maryland, USA

Librarian, Fusion Energy Division, Oak Ridge National Laboratory, USA

Librarian, Institute of Fusion Studies, University of Texas, USA

Librarian, Magnetic Fusion Program, Lawrence Livermore National Laboratory, USA
Library, General Atomics, USA

Plasma Physics Group, Fusion Energy Research Program, University of California
at San Diego, USA

Plasma Physics Library, Columbia University, USA

Alkesh Punjabi, Center for Fusion Research and Training, Hampton University, USA
Dr. W.M. Stacey, Fusion Research Center, Georgia Institute of Technology, USA

Dr. John Willis, U.S. Department of Energy, Office of Fusion Energy Sciences, USA
Mr. Paul H. Wright, Indianapolis, Indiana, USA

07/07/03



The Princeton Plasma Physics Laboratory is operated
by Princeton University under contract
with the U.S. Department of Energy.

Information Services
Princeton Plasma Physics Laboratory
P.O. Box 451
Princeton, NJ 08543

Phone: 609-243-2750
Fax: 609-243-2751
e-mail: pppl_info@pppl.gov
Internet Address: http:/www.pppl.gov





